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EXPOSURE APPARATUS, METHOD OF 
CONTROLLING SAME, METHOD OF 

MANUFACTURING DEVICES, 
COMPUTER-READABLE MEMORY AND 

PROGRAM 

FIELD OF THE INVENTION 

This invention relates to an exposure apparatus, a method 
of controlling the apparatus, a method of manufacturing 
devices by utilizing the apparatus, a computer-readable 
memory and a program. 

BACKGROUND OF THE INVENTION 

In a semiconductor exposure apparatus Such as a stepper, 
alignment is performed in Such a manner that a circuit 
pattern that has been formed on a reticle (mask) will be 
overlaid highly precisely on a circuit pattern that has been 
formed on a wafer (plate) serving as a Substrate. 
A technique referred to as AGA (Advanced Global Align 

ment) is known as a method of obtaining an array of circuit 
pattern areas (shots) that have been formed on a wafer. AGA 
is a technique that includes the steps of selecting several 
sample shots from all available shots, measuring amounts of 
deviation of the positions of these sample shots from a 
design position and Subjecting the results of the measure 
ment to statistical processing to thereby obtain wafer com 
pensation parameters for compensating for the shot array on 
the wafer. The wafer compensation parameters mentioned 
here are the following quantities, by way of example: 

(1) shift error of wafer center position (amount of trans 
lation) (Swx, Swy); 

(2) wafer (shot array) rotation error (amount of rotation) 
(Owx, Owy); and 

(3) wafer (shot array) magnification error (amount of 
linear expansion and contraction) (BWX, Bwy). 

Further, the difference (OwX-0wy) between the X and Y 
components of the amount of wafer rotation is referred to as 
“wafer orthogonality”. 

In order to improve the precision of alignment, there has 
recently been proposed a method of applying a correction by 
obtaining the amount of deformation of a shot per se in 
addition to finding wafer compensation parameters. It is 
considered that the causes of shot deformation are device 
related. Such as distortion of the exposure lens, and process 
related, such as deformation of the wafer due to heating. The 
following quantities can be mentioned as parameters (re 
ferred to as 'shot compensation parameters') for correcting 
for shot deformation (i.e., shot shape error): 

(1) shot rotation error (amount of rotation) (0SX, 0sy); and 
(2) shot magnification error (amount of linear expansion 

and contraction) (BSX, BSy). 
The relationship between wafer compensation parameters 

and shot compensation parameters is illustrated in FIGS. 1 
and 2, in which FIG. 1 is a diagram illustrating the relation 
ship between wafer magnification and shot magnification. In 
FIG. 1, WafD indicated by the dashed line represents the 
designed external shape of the wafer, and WafR indicated by 
the Solid line represents, in exaggerated form, the external 
shape of the wafer in a case where the wafer has undergone 
expansion and contraction caused by thermal deformation, 
or the like. Let radial expansion of the wafer in the X and Y 
directions be represented by Bwx and Bwy, respectively, in 
a standard coordinate system (x,y), the origin of which is a 
reference point on the wafer stage of the stepper. Wafer 
magnification has an effect upon the shot array. In FIG. 1, the 
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2 
manner in which the center position of each shot deviates in 
the outward direction from the designed coordinates is 
indicated by the arrows assigned to the shots. Further, 
SframeD represents the designed external shape of a shot, 
and SframeR represents the external shape of the shot 
brought about when shot magnification error occurs. Shot 
expansion is represented by BSX, 3sy in the standard coor 
dinate system (x,y). 

FIG. 2 is a diagram illustrating the relationship between 
wafer rotation and shot rotation. Here WafR represents, in 
exaggerated form, the external shape of the wafer in a case 
where the wafer has been rotated relative to the standard 
coordinate system (x,y) of the stage. Let the amount of 
rotation of the wafer in the X and Y directions be represented 
by Owx, Owy, respectively, in a standard coordinate system 
the center of which is a reference point on the wafer stage 
of the stepper. FIG. 2 illustrates a case where 0wx=0wy 
holds, indicating the orthogonality (angular deviation) of the 
wafer and stage is Zero. Wafer rotation has an influence upon 
the shot array. Further, SframeD represents the designed 
external shape of the shot, and SframeR represents the shape 
of the shot that has developed an error in orthogonality 
owing to shot deformation. In FIG. 2, rotation of the axes of 
the shot in the standard coordinate system (x, y) is repre 
sented by 0SX, 0sy. 
With the AGA method, the amount of deviation of the shot 

reference position (usually the shot center) from the 
designed value is found by measuring the positions of 
alignment marks assigned within the shot. In this case, 
marks to be measured within the shot constitute one set, 
namely one shot in each of the X and Y directions. FIG. 3A 
illustrates an instance where marks MX1, MY1 have been 
disposed in a shot (SHOT). 
On the other hand, in a case where a shot compensation 

parameter for correcting for shot deformation is found, 
measurement is performed upon disposing a greater number 
of marks (MX1 to MX3, MY1 to MY3), i.e., greater than the 
single set of one mark for each of the X and Y directions. A 
method of finding shot compensation parameters is dis 
closed in Japanese Patent Application Laid-Open No. 
O9-2661.64. 
The general shot compensation alignment method will be 

described with reference to FIG. 4, which is a block diagram 
illustrating an off-axis wafer alignment system in a semi 
conductor exposure apparatus. This alignment system 
includes a reticle 401; a projection exposure optical system 
402; an image storing arithmetic unit 403 for Subjecting a 
provided image signal to various image processing and 
storing the image signal and results of processing; a pre 
alignment unit 406 for adjusting coarse wafer orientation 
based upon a wafer external-shape reference when the wafer 
has been sent to the alignment system from a wafer transport 
apparatus (not shown); a computer terminal 407 for accept 
ing a command input from a user; a wafer 408 that is to be 
aligned, a microscope 404 for enlarging and observing the 
image of a pattern formed on a wafer 408; a CCD camera 
417 for converting the pattern image of the wafer 408, which 
has been obtained by the microscope 404, to an electric 
signal and Supplying the signal to the image storing arith 
metic unit 403; an XY stage 410 for moving the coordinate 
position of the wafer 408 in the direction of a plane and in 
a direction perpendicular to the plane; a wafer chuck 409 for 
holding the wafer 408 on the XY stage 410; a monitor 411 
serving as a display mechanism by which the user checks the 
image provided by the microscope 404; and a controller 405 
for controlling each of the above-mentioned elements. The 
controller 405 has a memory 420 and a CPU. The micro 
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scope 404 and CCD camera 417 are referred to as an off-axis 
observation optical system. In FIG. 4, it is assumed that the 
positions of the reticle 401 and projection exposure optical 
system 402 have been decided accurately by a method such 
as the FRA method and that the relative positional relation 
ship (base line) among the projection exposure optical 
system 402 and off-axis observation optical system 404, 417 
has already been measured. 
As shown in FIG. 3C, measurement sample shots S1, S2 

for calculating shot compensation parameters and measure 
ment sample shots S3 to S6 for calculating wafer compen 
sation parameters have been formed on the wafer 408. 
Alignment marks shown in FIG. 3B have been formed in 
each of measurement sample shots S1 to S6. In the mea 
surement sample shots S1, S2, marks MX1 to MX3, MY1 to 
MY3 are the object of measurement for alignment. In the 
measurement sample shots S3 to S6, marks MX1, MY1 are 
the object of measurement for alignment. 

FIG. 5 is a flowchart illustrating processing of the con 
ventional technique for shot compensation alignment. The 
conventional technique will be described with reference to 
the flowchart of FIG. 5. 

At step S501 in FIG. 5, wafer 408 is carried into the 
exposure apparatus by a wafer transport apparatus (not 
shown), the wafer 408 is positioned coarsely by prealign 
ment unit 406, and then the wafer 408 is transported to the 
XY stage 410. The wafer 408 is held on the XY stage 410 
by vacuum suction applied by the wafer chuck 409. 

Steps S502 to S505 constitute a procedure for automati 
cally measuring shot compensation parameters. 
More specifically, step S502 calls for drive of the XY 

stage 410 to be controlled in such a manner that the 
alignment mark MX1, which has been formed in the first 
measurement shot S1, will enter the field of view of the 
microscope 404. 

Next, at step S503, deviation of the mark position is 
detected. This deviation is detected as follows: First, the 
microscope 404 and CCD camera 417 capture the pattern of 
the alignment mark MX1, which is illuminated by an 
alignment illumination device (not shown), as an image 
signal. By using pattern matching, the controller 405 com 
pares the pattern of the alignment mark Stored in the image 
storing arithmetic unit 403 with the image that has been 
captured by the CCD camera 417 and calculates deviation 
lx1 from the designed position of the alignment mark MX1. 

This is followed by step S504, at which it is determined 
whether steps S502, S503 have been executed for all sample 
shots (S1, S2). If an unprocessed shot remains, control 
returns to step S502. If unprocessed shots do not remain, 
control proceeds to step S505. Specifically, the remaining 
alignment marks MX2, MX3, MY1 to MY3 in the first 
measurement shot S1 are measured through a procedure 
similar to that for MX1, and positional deviations lxn, lyn 
(n=1 to 3, where n is assigned based upon the mark number) 
of each mark in the X and y directions are measured. 

If the positional deviation of each mark has been mea 
sured (“YES” at step S504) for all sample shots, then the 
shot compensation parameters are calculated at step S505. A 
method of calculating shot compensation parameters is as 
follows: 

Shot compensation parameters are found for each shot of 
the sample shots S1 to S4. The designed position of each 
mark that resides in the shot is represented by (dxn.dyn) 
(n=1 to 3), where the center of the shot is taken as the origin. 
The mark position (dxn'.dyn") compensated for by the shot 
compensation parameters is expressed as follows by Equa 
tion (1): 
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1 + BSX (1) 

where SSX, Ssy represent amounts of shift error of the shot 
center. Further, the actual position of the measured mark is 
expressed as follows by Equation (2): 

(C)+(C) 
A compensation residual V is expressed as follows by 

Equation (3): 

1 ( dxn ( lyn dxn' 
W = - -- 

i dyn lyn dyn' 
=l 

1 i (C) f3s.x -6sy (C) (...) : - -- 

i lyn 6SX f3sy dyn SSy 

-6sy (C) (...) -- 1 + A. dyn SSy 

(2) 

2 (3) 

2 

Since lxn, lyn, dxn, dyn are already known, it will Suffice 
to obtain {SSX, Ssy, OSX, 0sy, fisX, fisy by solving simul 
taneous equations that minimize V. Here it will suffice to use 
a shot array in which shifts SSX, Ssy of the shot array have 
been found as the result of calculating wafer compensation 
parameters of fth-degree step, and therefore it is not neces 
sary to use the value found here in Subsequent compensating 
drive. As the result of measuring a plurality of Sample shots, 
the number of shot compensation parameters obtained is 
equivalent to the number of sample shots. By Subsequently 
taking the average of these parameters, therefore, shot 
compensation parameters of the wafer are obtained. 

Steps S506 to S509 constitute a procedure for calculating 
wafer compensation parameters. This method is the afore 
mentioned AGA technique. 

Step S506 calls for the controller 405 to drive the XY 
stage 410 in Such a manner that the alignment mark MX1, 
which has been formed in the first sample shot S3 for wafer 
measurement, will enter the field of view of the microscope 
404. 

Next, at step S507, the mark position is detected. The 
method of detecting mark position is similar to that of step 
S503 above. Deviation lxk (k=3 to 6, where k is assigned 
based upon the sample-shot number) from the designed 
position of the alignment mark MX1 is calculated at Step 
S507. 

This is followed by step S508, at which it is determined 
whether steps S506, S507 have been executed for all sample 
shots (S3 to S6). If an unprocessed shot remains, control 
returns to step S506. If unprocessed shots do not remain, 
control proceeds to step S509. Specifically, the remaining 
alignment mark MY1 in the first measurement shot S3 is 
measured through a procedure similar to that for MX1, and 
a positional deviation lyk of the mark in the Y direction is 
calculated. Further, the processing of steps S506, S507 is 
repeated with regard to all sample shots (S3 to S6), and lxk, 
lyk (k=3 to 6) are found for every sample shot. 

If the positional deviations of each of the marks are found 
for all sample shots (“YES” at step S508), then the wafer 
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compensation parameters are calculated at step S509. A 
method of calculating wafer compensation parameters is as 
follows: 

First, deviations (lxk.lyk) of the reference position (usu 
ally the position of the shot center) of each sample shot from 
the designed value are found. Coordinates obtained by 
adding the measured deviations (lxklyk) of the alignment 
marks to the designed positions of the marks from the center 
position of the sample shot are the coordinates of the actual 
mark position. 

Deviations (LXk.Lyk) from the center position of the shot 
are found by taking the average of these values. The 
designed position of the center of each sample shot that 
resides in the wafer is represented by (DXk. Dyk). A shot 
center position (Dxk'.Dyk') compensated for by the wafer 
compensation parameters is expressed as follows by Equa 
tion (4): 

Further, the actual position of the shot center obtained as 
the result of measurement is expressed as follows by Equa 
tion (5): 

1 + f3wly (4) 

(...) (...) (5) Dyk -- Lyk 

A compensation residual V is expressed as follows by 
Equation (6): 

1 (E) (...) Dxk' W = - -- 
i | Dyk Lyk Dyk' 

k=1 

1 i (...) f3wy -6wy (E) (...) : - -- 

i Lyk C. f3wy Dyk Swy 
k=1 

Since LXk, Lyk, Dxk, Dyk are already known, it will 
suffice to obtain {Swx, Swy, Owx, Owy, Bwx, Bwy} by 
Solving simultaneous equations that minimize V. 

If shot compensation parameters and wafer compensation 
parameters have been found, each unit of the exposure 
apparatus is driven (Subjected to compensating drive) at step 
S510 in accordance with these compensation parameters so 
as to diminish the error between the shot array and shot 
shape. 

Finally, control proceeds to step S511 to carry out expo 
SUC. 

By repeating steps S501 to S511 for all wafers to be 
exposed, it is possible to perform the exposure of each shot 
with a high overlay precision in accordance with the com 
pensated shot array and shot shape. 
The minimum required number of marks to calculate the 

wafer compensation parameters in a shot is one set for X and 
Y (one X measurement mark and one Y measurement mark, 
or one X-Y measurement mark). 

However, the number of alignment marks that must be 
measured within a shot in order to find shot compensation 
parameters is greater than one set for X and Y. In accordance 
with Equation (3), at least three sets of alignment marks for 

2 (6) 

2 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
X, Y must be measured in order to independently calculate 
all of the shot compensation parameters {0SX,0sy, fsX, ?sy, 
SSX, Ssy. 
With the conventional alignment method of measuring 

and compensating for shot compensation parameters auto 
matically, it is necessary to perform measurements at sample 
shots and alignment marks for calculation of shot compen 
sation parameters on a wafer-by-wafer basis. As a result, 
measurement is performed at many sample shots and align 
ment marks for each and every wafer. A problem which 
results is a decline in throughput. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to raise 
throughput in an exposure apparatus and a method of 
controlling the same, without sacrificing alignment accuracy 
when a reticle pattern is aligned with respect to each of a 
plurality of shot areas on a Substrate. 

According to a first aspect of the present invention, the 
foregoing object is attained by providing an exposure appa 
ratus for executing exposure processing upon aligning a 
reticle pattern with respect to each of a plurality of shot areas 
on a Substrate based upon compensation parameters, the 
apparatus comprising: a first decision unit for measuring the 
positions of marks on each Substrate with regard to Sub 
strates constituting a first group of Substrates among a 
plurality of Substrates to be exposed, and deciding a shot 
compensation parameter for compensating for a shape error 
of a plurality of shot areas on each of the first group of 
Substrates, based upon results of the measurement; a second 
decision unit for deciding a substrate compensation param 
eter for compensating for an array error of a plurality of shot 
areas on each substrate with regard to all of the plurality of 
substrates to be exposed; and a third decision unit for 
deciding a shot compensation parameter for a second group 
of Substrates, other than the first group of Substrates, among 
the plurality of substrates to be exposed, based upon the shot 
compensation parameter decided by the first decision unit 
and the Substrate compensation parameter decided by the 
second decision unit. 

In accordance with a preferred embodiment of the present 
invention, the third decision unit includes a first calculation 
unit for calculating a relative parameter that indicates a 
relative relationship between the shot compensation param 
eter regarding the first group of Substrates decided by the 
first decision unit and the Substrate compensation parameter 
regarding the first group of Substrates decided by the second 
decision unit; and a second calculation unit for calculating a 
shot compensation parameter regarding the second group of 
substrates based upon the relative parameter calculated by 
the first calculation unit and the Substrate compensation 
parameter regarding the second group of Substrates decided 
by the second decision unit. 

In accordance with a preferred embodiment of the present 
invention, the relative parameter is decided based upon the 
difference between the substrate compensation parameter 
and the shot compensation parameter. 

In accordance with a preferred embodiment of the present 
invention, the relative parameter is decided based upon the 
ratio between the Substrate compensation parameter and the 
shot compensation parameter. 

In accordance with a preferred embodiment of the present 
invention, whether a substrate to be exposed belongs to the 
first group of Substrates or the second group of Substrates is 
selected depending upon the number of Substrates pro 
cessed. 
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In accordance with a preferred embodiment of the present 
invention, whether a substrate to be exposed belongs to the 
first group of Substrates or the second group of Substrates is 
selected by a command from an external unit. 

According to a second aspect of the present invention, the 
foregoing object is attained by providing a method of 
controlling an exposure apparatus for executing exposure 
processing upon aligning a reticle pattern with respect to 
each of a plurality of shot areas on a Substrate based upon 
compensation parameters, comprising: a first decision step 
of measuring positions of marks on each Substrate with 
regard to Substrates constituting a first group of Substrates 
among a plurality of Substrates to be exposed, and deciding 
a shot compensation parameter for compensating for shape 
error of a plurality of shot areas on each of the first group of 
Substrates based upon results of the measurement; a second 
decision step of deciding a Substrate compensation param 
eter for compensating for array error of a plurality of shot 
areas on each substrate with regard to all of the plurality of 
Substrates to be exposed; and a third decision step of 
deciding a shot compensation parameter for a second group 
of Substrates, other than the first group of Substrates, among 
the plurality of substrates to be exposed, based upon the shot 
compensation parameter decided at the first decision step 
and the Substrate compensation parameter decided at the 
second decision step. 

In accordance with a preferred embodiment of the present 
invention, the third decision step includes a first calculation 
step of calculating a relative parameter that indicates a 
relative relationship between the shot compensation param 
eter regarding the first group of Substrates decided at the first 
decision step and the substrate compensation parameter 
regarding the first group of Substrates decided at the second 
decision step; and a second calculation step of calculating a 
shot compensation parameter regarding the second group of 
Substrates based upon the relative parameter calculated at 
the first calculation step and the Substrate compensation 
parameter regarding the second group of Substrates decided 
by the second decision step. 

In accordance with a preferred embodiment of the present 
invention, the relative parameter is decided based upon the 
difference between the substrate compensation parameter 
and the shot compensation parameter. 

In accordance with a preferred embodiment of the present 
invention, the relative parameter is decided based upon the 
ratio between the Substrate compensation parameter and the 
shot compensation parameter. 

In accordance with a preferred embodiment of the present 
invention, whether a substrate to be exposed belongs to the 
first group of Substrates or the second group of Substrates is 
selected depending upon the number of Substrates pro 
cessed. 

In accordance with a preferred embodiment of the present 
invention, whether a substrate to be exposed belongs to the 
first group of Substrates or the second group of Substrates is 
selected by a command from an external unit. 

According to a third aspect of the present invention, the 
foregoing object is attained by providing a program for an 
exposure apparatus for executing exposure processing upon 
aligning a reticle pattern with respect to each of a plurality 
of shot areas on a Substrate based upon compensation 
parameters, comprising: a first decision step of measuring 
positions of marks on each Substrate with regard to Sub 
strates constituting a first group of Substrates among a 
plurality of Substrates to be exposed, and deciding a shot 
compensation parameter for compensating for shape error of 
a plurality of shot areas on each of the first group of 
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8 
Substrates based upon results of the measurement; a second 
decision step of deciding a Substrate compensation param 
eter for compensating for array error of a plurality of shot 
areas on each substrate with regard to all of the plurality of 
Substrates to be exposed; and a third decision step of 
deciding a shot compensation parameter for a second group 
of Substrates, other than the first group of Substrates, among 
the plurality of substrates to be exposed, based upon the shot 
compensation parameter decided at the first decision step 
and the Substrate compensation parameter decided at the 
second decision step. 

According to a fourth aspect of the present invention, the 
foregoing object is attained by providing a computer-read 
able memory storing a program for an exposure apparatus 
for executing exposure processing upon aligning a reticle 
pattern with respect to each of a plurality of shot areas on a 
Substrate based upon compensation parameters, the program 
comprising: a first decision step of measuring the position of 
a mark on each Substrate with regard to Substrates consti 
tuting a first group of Substrates among a plurality of 
Substrates to be exposed, and deciding a shot compensation 
parameter for compensating for shape error of a plurality of 
shot areas on each of the first group of Substrates based upon 
results of the measurement; a second decision step of 
deciding a Substrate compensation parameter for compen 
sating for array error of a plurality of shot areas on each 
substrate with regard to all of the plurality of substrates to be 
exposed; and a third decision step of deciding a shot 
compensation parameter for a second group of Substrates, 
other than the first group of Substrates, among the plurality 
of Substrates to be exposed, based upon the shot compen 
sation parameter decided at the first decision step and the 
Substrate compensation parameter decided at the second 
decision step. 

According to a fifth aspect of the present invention, the 
foregoing object is attained by providing a device manufac 
turing method comprising: a coating step of coating a 
Substrate with a photosensitive material; an exposure step of 
printing a pattern on the Substrate, which has been coated 
with the photosensitive material at the coating step; and a 
developing step of developing the photosensitive material on 
the substrate on which the pattern has been printed at the 
exposure step, wherein the exposure step includes: a first 
decision step of measuring positions of marks on Substrates 
constituting a first group of Substrates among a plurality of 
Substrates to be exposed, and deciding a shot compensation 
parameter for compensating for shape error of a plurality of 
shot areas on the first group of Substrates based upon results 
of the measurement; a second decision step of deciding a 
Substrate compensation parameter for compensating for 
array error of a plurality of shot areas on substrates with 
regard to all of the plurality of substrates to be exposed; and 
a third decision step of deciding a shot compensation 
parameter with regard to a second group of Substrates, other 
than the first group of Substrates, among the plurality of 
Substrates to be exposed, based upon the shot compensation 
parameter decided by the first decision unit and the substrate 
compensation parameter decided by the second decision 
unit. 

Other features and advantages of the present invention 
will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate embodi 
ments of the invention and, together with the description, 
serve to explain the principles of the invention. 

FIG. 1 is a diagram illustrating the relationship between 
wafer magnification and shot magnification; 

FIG. 2 is a diagram illustrating the relationship between 
wafer rotation and shot rotation; 

FIGS. 3A to 3C are diagrams describing the placement of 
alignment marks and sample shots; 

FIG. 4 is a diagram illustrating the general configuration 
of a semiconductor exposure apparatus according to a pre 
ferred embodiment of the present invention; 

FIG. 5 is a flowchart illustrating exposure processing 
according to the prior art; 

FIG. 6 is a flowchart illustrating exposure processing 
according to a preferred embodiment of the present inven 
tion; 

FIG. 7 is a diagram illustrating the overall flow of a 
process for manufacturing semiconductor devices; and 

FIG. 8 is a diagram illustrating the detailed flow of the 
wafer process depicted in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the present invention will now 
be described with reference to the accompanying drawings. 

The exposure apparatus according to the embodiment can 
be implemented through a system configuration similar to 
that of the prior art example shown in FIG. 4. Further, with 
regard to a wafer that is to be aligned in the embodiment, it 
is assumed that marks of the kind shown in FIG. 3B have 
been placed in each shot on the wafer in a manner similar to 
that of the prior art example, and it is assumed that sample 
shots of the kind shown in FIG. 3C are placed as shots for 
wafer compensation and for shot compensation. 

The flow of processing by the exposure apparatus accord 
ing to a preferred embodiment of the invention will be 
described with reference to FIG. 6. It should be noted that 
this processing is controlled by the controller 405. 

Step S601 in FIG. 6 calls for a wafer to be carried to the 
XY stage by a wafer transport apparatus (not shown). 

It is determined at step S602 whether it is necessary to 
execute processing for automatically measuring shot com 
pensation parameters with regard to a wafer currently being 
treated. Conceivable criteria for making this determination 
are as follows: 

(1) Processing for automatically measuring shot compen 
sation parameters is executed if the wafer is the leading 
wafer in the lot to be processed. 

(2) Processing for automatically measuring shot compen 
sation parameters is executed if the wafer is one that is up 
to an Nth wafer from the first wafer in the lot be processed. 

(3) Processing for automatically measuring shot compen 
sation parameters is executed for every certain number of 
wafers. 

(4) Processing for automatically measuring shot compen 
sation parameters is executed when a command arrives from 
an external host computer connected online. 

If it is so arranged that the user can employ the computer 
terminal 407 to select which of these criteria to use, pro 
cesses of greater flexibility can be supported. 

If it is determined that it is not necessary to execute 
processing for automatically measuring shot compensation 
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10 
parameters, control proceeds to step S604. On the other 
hand, if it is determined that it is necessary to execute 
processing for automatically measuring shot compensation 
parameters, control proceeds to step S603. 

Processing for automatically measuring shot compensa 
tion parameters is executed at step S603. This method is 
similar to that of the procedure of steps S502 to S504 in FIG. 
5. 

Wafer compensation parameters are measured automati 
cally at step S604. This method is similar to that of the 
procedure of steps S506 to S509 in FIG. 5. It is determined 
at step S605 whether processing for automatically measur 
ing shot compensation parameters has been executed. If shot 
compensation has been carried out, control proceeds to step 
S606; otherwise, control proceeds to step S607. At step 
S607, a shot compensation parameter is calculated from the 
stored (1) relative relationship d between the shot compen 
sation parameter and the wafer compensation parameter, and 
(2) the wafer compensation parameter. Then, control pro 
ceeds to step S608. 
At step S606, a relative parameter 6, which quantitatively 

represents the relative relationship between the shot com 
pensation parameter found at step S603 and the wafer 
compensation parameter found at step S604, is calculated, 
and this parameter is stored. A method of obtaining the 
relative parameter 8 will be described below. It should be 
noted that a symbol obtained by appending a Subscript to Ö 
is one example of the relative parameter. 

Shot magnifications fsX, Bsy are obtained by superim 
posing magnification components, which are produced 
owing to wafer deformation caused by the machining pro 
cess, and magnification components ascribable to the pro 
jection magnification of the apparatus. The former compo 
nents vary in value from one wafer to the next, but the latter 
components do not vary in value, even if the wafer is 
changed, because they are decided by apparatus-related 
factors. If it is assumed that a magnification component 
decided by wafer-related factors is equal to wafer magnifi 
cation, then shot magnification components (8x op) 
decided by apparatus-related factors will be expressed as 
follows by Equation (7): 

Further, depending upon the process, there are also cases 
where it is better to represent the relative relationship 
between shot magnification and wafer magnification by a 
ratio, in which this will be expressed as follows by Equation 
(8): 

( ASX- C (7) 
fisy - Bwy 

C =(C) (8) day TV fisy / 6wy 

In addition, when the relative relationship between shot 
magnification and wafer magnification is represented quan 
titatively, (ö, Öe) may be calculated in accordance with 
the relation F between them. This is expressed as follows by 
Equation (9): 
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of X (9) 
ogy 

As for shot rotation, the following case should be taken 
into consideration if the relative relationship between shot 
rotation and wafer rotation is to be found: Specifically, 
owing to error exhibited by the XY stage 410, the layer 
underlying the pattern that has been formed on the wafer 
may be rotated and burned. A shot rotation component 
ascribable to such burning is considered to be substantially 
equal to wafer rotation. This value differs from wafer to 
wafer. On the other hand, with regard to orthogonality of the 
shot brought about by the effect of distortion of the projec 
tion exposure optical system 402 when the shot is printed, a 
variation in value from wafer to wafer is deemed to be 
negligible. 

Accordingly, the shot rotation components (Öe 6), the 
values of which do not change from wafer to wafer, are 
expressed as follows by Equation (10): 

(...) (CIC) day ) 6sy - Gwy 

Further, in a case where orthogonality of the wafer (shot 
array) is Small, we may assume Owx=0wy in Equation (10), 
which gives Equation (11): 

(...) (CC) day ) 6sy - Gwy 

In addition, when the relative relationship between shot 
rotation and wafer rotation is represented quantitatively, 
(Öe 6) may be calculated in accordance with the relation 
G between them. This is expressed as follows by Equation 
(12): 

(10) 

(11) 

c (12) ( EX = G(6SX, Gwy, (sy, Gwy) Öay 

Thus, at step S606, 6-(Öex & 8ox. 80) is obtained and 
these values are stored in memory 420. 

If automatic measurement of shot compensation param 
eter has not been carried out, then the shot compensation 
parameter of the wafer currently being processed is pre 
dicted based upon the wafer compensation parameter and 
above-mentioned relative parameter at step 607. For 
example, if shot magnification is to be found and (Öe 8) 
obtained in accordance with Equation (7) have been stored 
in the memory 420, then shot magnification can be obtained 
by the following equation (13) based upon (Örö) and the 
wafer compensation parameters (B. f.): 

In general, if the relative relationship between shot mag 
nification and wafer magnification is expressed by the 

(13) 
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12 
function F, as indicated in Equation (9), then shot magnifi 
cation can be calculated by the inverse function F in 
accordance with Equation (14) below based upon 8 (8. 
Ö) and the wafer magnification (B. B.). 

(C (14) = F(dex, oey, fivX, fivy) 

Similarly, with regard to shot rotation as well, if the 
relative relationship between shot rotation and wafer rota 
tion is expressed by the function G, as indicated in Equation 
(11), then shot rotation can be calculated by the inverse 
function G' in accordance with Equation (15) below based 
upon Ö (Öox. 80) and the wafer rotation (0, 0). 

If the shot compensation parameter and wafer compen 
sation parameter have been found, then each unit of the 
exposure apparatus is driven (Subjected to compensating 
drive) at step S608 in accordance with these compensation 
parameters so as to reduce the error between the shot array 
and shot shape. 

After the compensation is applied at step S608, control 
proceeds to step S609, at which the wafer is actually 
exposed. 

It is determined at step S610 whether or not all wafer 
processing has ended. If all wafer processing has not ended, 
then steps S601 to S609 are repeated successively with 
regard to remaining wafers to be processed. If wafers to be 
processed no longer remain, then this series of processing is 
terminated and the exposure apparatus is halted. 

In accordance with the embodiment of the present inven 
tion, only a limited number of wafers among a plurality of 
wafers to be processed need undergo automatic measure 
ment of shot compensation parameters. As a result, process 
ing time can be shortened greatly in comparison with the 
prior art. Further, the relative relationship between a shot 
compensation parameter and wafer compensation parameter 
is calculated as the relative parameter 8 and this is stored in 
memory. As a result, even a wafer for which the shot 
compensation parameter has not been measured automati 
cally can be aligned highly precisely by using the relative 
parameter Ö. 

Further, though the shot compensation parameter in the 
embodiment is the amount of rotation (orthogonality) or 
magnification, the technique of the embodiment is effective 
also in a case wherein alignment is carried out upon mea 
Suring another compensation parameter obtained by mea 
Suring more alignment marks than one set for X and Y. For 
example, trapezoidal distortion and barrel-type or pincush 
ion-type shot distortion can be calculated quantitatively by 
measuring a number of alignment marks, and the calculated 
value can be adopted as a shot compensation parameter. At 
this time, the present embodiment is applied by representing 
the relative relationship between the shot compensation 
parameter and the wafer compensation parameter by a 
constant function. This will make it possible to achieve a 
higher exposure processing speed. 
A process for manufacturing a semiconductor device 

utilizing the exposure apparatus set forth above will now be 
described. FIG. 7 illustrates the overall flow of a process for 
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manufacturing semiconductor devices. The circuit for the 
semiconductor device is designed at step 1 (circuit design). 
A mask is fabricated at step 2 (mask fabrication) based upon 
the circuit designed. Meanwhile, a wafer is manufactured 
using a material Such as silicon at step 3 (wafer manufac 
ture). The actual circuit is formed on the wafer by lithog 
raphy, using the mask and wafer that have been prepared, at 
step 4 (wafer process), which is also referred to as “pre 
treatment'. A semiconductor chip is obtained, using the 
wafer fabricated at step 4, at step 5 (assembly), which is also 
referred to as “post-treatment. This step includes assembly 
steps such as actual assembly (dicing and bonding) and 
packaging (chip encapsulation). The semiconductor device 
fabricated at step 5 is Subjected to inspections such as an 
operation verification test and a durability test at step 6 
(inspection). The semiconductor device is completed 
through these steps and then is shipped (step 7). 

FIG. 8 is a flowchart illustrating the detailed flow of the 
wafer process mentioned above. The surface of the wafer is 
oxidized at step 11 (oxidation). An insulating film is formed 
on the wafer surface at step 12 (CVD), electrodes are formed 
on the wafer by vapor deposition at step 13 (electrode 
formation), and ions are implanted in the wafer at step 14 
(ion implantation). The wafer is coated with a photoresist at 
step 15 (resist treatment) and the circuit pattern is transferred 
to the wafer by the above-described exposure apparatus at 
step 16 (exposure). The exposed wafer is developed at step 
17 (development). Portions other than the developed pho 
toresist image are etched away at step 18 (etching), and 
unnecessary resist left after etching is removed at step 19 
(resist removal). Multiple circuit patterns are formed on the 
wafer by implementing these steps repeatedly. 

Though a preferred embodiment of the present invention 
has been described in detail, the present invention may be 
applied also to a system constituted by a plurality of devices 
or to an apparatus comprising a single device. 

Furthermore, there are cases where the object of the 
invention is attained also by Supplying a Software program 
(a program corresponding to the flowchart shown in FIG. 6 
of the foregoing embodiment), which implements the func 
tions of the foregoing embodiment, directly or remotely to 
a system or apparatus, reading the Supplied program codes 
with a computer of the system or apparatus, and then 
executing the program codes. In this case, so long as the 
system or apparatus has the functions of the program, the 
mode of implementation need not rely upon a program. 

Accordingly, since the functions of the present invention 
are implemented by computer, the program codes per se 
installed in the computer also implement the present inven 
tion. In other words, the claims of the present invention also 
cover a computer program that is for the purpose of imple 
menting the functions of the present invention. 

In this case, so long as the system or apparatus has the 
functions of the program, the form of the program, e.g., 
object code, a program executed by an interpreter or script 
data Supplied to an operating system, etc., does not matter. 

Examples of storage media that can be used for Supplying 
the program are a floppy disk, a hard disk, an optical disk, 
a magneto-optical disk, an MO, a CD-ROM, a CD-R, a 
CD-RW, a magnetic tape, a non-volatile memory a card, a 
ROM, a DVD (DVD-ROM, DVD-R), etc. 
As for the method of Supplying the program, the client 

computer can be connected to a website on the Internet using 
a browser possessed by the client computer, and the com 
puter program per se of the present invention or an auto 
matically installable compressed file of the program can be 
downloaded to a recording medium such as a hard disk. 
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Further, the program of the present invention can be supplied 
by dividing the program code constituting the program into 
a plurality of files and downloading the files from different 
websites. In other words, a server on a network that down 
loads, to multiple users, the program files that implement the 
functions of the present invention by computer also is 
covered by the claims of the present invention. 

Further, it is also possible to store the program of the 
present invention on a storage medium such as a CD-ROM 
upon encrypting the program, to distribute the storage 
medium to users, to allow users who meet certain require 
ments to download decryption key information from a 
website via the Internet, and to allow these users to run the 
encrypted program by using the key information, whereby 
the program is installed in the user computer. 

Furthermore, besides the case where the aforesaid func 
tions according to the embodiment are implemented by 
executing the read program by computer, an operating 
system or the like running on the computer may perform all 
or a part of the actual processing so that the functions of the 
foregoing embodiment can be implemented by this process 
ing. 

Furthermore, after the program read from the storage 
medium is written to a function expansion board inserted 
into the computer or to a memory provided in a function 
expansion unit connected to the computer, a CPU or the like 
mounted on the function expansion board or function expan 
sion unit performs all or a part of the actual processing so 
that the functions of the foregoing embodiments can be 
implemented by this processing. 

In accordance with the exposure apparatus and method of 
controlling the same according to the present invention, it is 
possible to raise the throughput without sacrificing align 
ment accuracy when a reticle pattern is aligned with respect 
to each of a plurality of shot areas on a Substrate. 
As many apparently widely different embodiments of the 

present invention can be made without departing from the 
spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 
What is claimed is: 
1. An exposure apparatus for exposing each of an array of 

regions on a Substrate to a pattern, said apparatus compris 
ing: 

an optical system configured to form an image of a mark 
and to obtain an image signal corresponding to the 
image; and 

an arithmetic unit configured to calculate a first parameter 
of conversion from a designed position of the array of 
regions on a first Substrate to a corrected position 
thereof based on the image signals obtained by said 
optical system with respect to a mark in each of a Subset 
of the array of regions, to calculate a second parameter 
of conversion from a designed position in one of the 
array of regions to a corrected position thereof based on 
the image signals obtained by said optical system with 
respect to a plurality of marks in one of the array of 
regions, to calculate a third parameter based on the 
calculated first and second parameters, the third param 
eter being a parameter of a function, which is a function 
of the first parameter and represents the second param 
eter, to calculate the first parameter with respect to a 
second substrate different from the first substrate based 
on the image signals obtained by said optical system 
with respect to a mark in each of a subset of the array 
of regions on the second Substrate, and to calculate the 
second parameter with respect to the second Substrate 
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based on the first parameter calculated with respect to 
the second substrate and the third parameter calculated 
with respect to the first substrate. 

2. An apparatus according to claim 1, wherein said 
arithmetic unit is configured to calculate as the third param 
eter at least one of a difference between the first and second 
parameters, a ratio between the first and second parameters, 
and a relational expression between the first and second 
parameters. 

3. An apparatus according to claim 1, further comprising 
a controller configured to control said optical system and 
said arithmetic unit so as to obtain the first to third param 
eters with respect to at least the first substrate in a substrate 
lot. 

4. An apparatus according to claim 1, wherein the first 
parameter relates to one of a translational shift amount of the 
array of regions, a rotational amount of the array of regions, 
and a magnification of the array of regions. 

5. An apparatus according to claim 1, wherein the second 
parameter relates to one of a rotational amount of the one of 
the array of regions, a magnification of the one of the array 
of regions, and a distortion of the one of the array of regions. 

6. A method of manufacturing a device, said method 
comprising steps of: 

exposing a Substrate to a pattern using an exposure 
apparatus as defined in claim 1: 

developing the exposed substrate; and 
processing the developed substrate to manufacture the 

device. 
7. An exposure method of exposing each of an array of 

regions on a substrate to a pattern, said method comprising 
steps of: 

a first operation of forming an image of a mark and 
obtaining an image signal corresponding to the image 
with respect to a mark in each of a subset of the array 
of regions on a Substrate and a plurality of marks in one 
of the array of regions on the first Substrate using an 
optical system; 

a first calculation of calculating a first parameter of 
conversion from a designed position of the array of 
regions on the first Substrate to a corrected position 
thereof based on the image signals obtained by the 
optical system with respect to the mark in each of the 
Subsets; 
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array of regions on the first Substrate to a corrected 
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a third calculation of calculating a third parameter based 
on the calculated first and second parameters, the third 
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parameter being a parameter of a function, which is a 
function of the first parameter and represents the sec 
ond parameter; and 

a second operation of forming an image of a mark and 
obtaining an image signal corresponding to the image 
with respect to a mark in each of a subset of the array 
of regions on a second substrate different from the first 
Substrate using the optical system; 

a fourth calculation of calculating the first parameter with 
respect to the second Substrate based on the image 
signals obtained by the optical system with respect to 
the mark in each of the subsets on the second substrate; 

a fifth calculation of calculating the second parameter 
with respect to the second substrate based on the first 
parameter calculated with respect to the second Sub 
strate and the third parameter calculated with respect to 
the first substrate; 

a first alignment of aligning the pattern to each of the 
array of regions on a first Substrate based on the first 
parameter calculated in said first calculation step and 
the second parameter calculated in said second calcu 
lation step to expose each of the array of regions on the 
first Substrate to the pattern aligned in said first align 
ment step; and 

a second alignment of aligning the pattern to each of the 
array of regions on the second Substrate based on the 
first parameter calculated in said fourth calculation step 
and the second parameter calculated in said fifth cal 
culation step to expose each of the array of regions on 
the second Substrate to the pattern aligned in said 
Second alignment step. 

8. A method according to claim 7, wherein said third 
calculation step calculates as the third parameter at least one 
of a difference between the first and second parameters, a 
ratio between the first and second parameters, and a rela 
tional expression between the first and second parameters. 

9. A method according to claim 7, wherein said first 
operation step and said first to third calculation steps are 
executed so as to obtain the first to third parameters with 
respect to at least the first substrate in a substrate lot. 

10. A method according to claim 7, wherein the first 
parameter relates to one of a translational shift amount of the 
array of regions, a rotational amount of the array of regions, 
and a magnification of the array of regions. 

11. A method according to claim 7, wherein the second 
parameter relates to one of a rotational amount of the one of 
the array of regions, a magnification of the one of the array 
of regions, and a distortion of the one of the array of regions. 
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